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SPECMCATION 
A METHOD AND APPARATUS 
FOR GENERATING JITTER TEST PATTERNS 
ON A fflGH PERFORMANCE SERIAL BUS 

RELATED APPLICATION 

[0001] This application is a continuation of U.S. patent application serial 
number 09/557,071, filed April 21, 2000, incorporated by reference herein in its 
entirety. 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to data communications. In particular, the 
present invention relates to generating jitter test patterns on a high performance 
serial bus system. 
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The Prior Art 

Background 

[0003] The effect of jitter on the transmission of electrical signals is known in 
the art. Jitter is generally defined as the deviation of a signal edge from its ideal 
position. Jitter is generally introduced by the electrical properties of the 
transmitting device and the transmission medium. For example, long runs of cable 
add jitter as they affect the rise and fall times and amplitude of a signal due to the 
time constants created by the additional capacitance inherent in a long run of 
cable. 

[0004] Furthermore, jitter can be dependent upon the type of signal being 
transported. For example, a long string of zeros followed by a single one can 
cause problems because charging a long run of cable is difficult in such a short 
amount of time. Likewise, a long string of ones followed by a single zero can also 
cause problems because of the difficulty in discharging a long run of cable in 
such a short period of time. The longer run length produces a higher amplitude 
which takes more time to overcome when changing bit values and therefore 
produces a time difference compared to the run length of a 1 bit sequence. When 
different run lengths are mixed in the same transmission the different bit 
sequences (symbols) therefore interfere with each other. This effect is known as 
intersymbol interference (ISI). ISI is expected whenever any bit sequence has 
frequency components that are propagated at different rates by the transmission 
media. 

[0005] Thus, for any communications system to operate effectively, the 
transmitter and transmission medium must limit the jitter introduced into the signal, 
and receiver must be able to tolerate any permitted jitter introduced into the 
signal. The presence of jitter complicates the design of receiver circuits which are 
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required to use clock recovery techniques, for example Phase Locked Loops 
(PLL) or Delay Locked Loops (DLL). Such circuits are often found to be 
particularly sensitive to the frequency of the jitter. The frequency of the jitter is a 
property of the frequency of the repeat patterns in the data being transmitted 
combined with the effects of ISI and other sources of jitter. 

[0006] Attempts have been made in the prior art to characterize jitter and 
generate jitter test patterns which correspond the worst-case scenario that a 
receiver might face. Communications equipment can then be subjected to the 
jitter test patterns to examine the communications equipment's susceptibility to 
jitter effects. The results may then be plotted for analysis. 

[0007] Figure 1 shows a prior art jitter diagram known in the art as an eye 
diagram. The eye diagram of FIG. 1 is typically displayed on an oscilloscope with 
a storage facility to store and display a large number of signals simultaneously or 
an communications analyzer, with the vertical axis representing voltage, and the 
horizontal axis representing time. 

[0008] The eye diagram of FIG. 1 includes a low potential level 100 ("low") 
and a high potential level 102 ("high") which correspond to the absolute value 
of a logical low and high state, respectively. A threshold 104 is defined on the 
eye diagram of FIG. 1. Threshold 104 corresponds to the voltage level above 
which a receiving device will sense a logical high, and below which a device wiU 
sense a logical low. 

[0009] FIG. 1 further includes a crossing 0 (106) and a crossing 1 (108). 
Crossings 0 and 1 define the left and rightmost boundaries of bit window 110, 
respectively. As is appreciated by those of ordinary skill in the art, it is desirable 
that all transitions should occur outside of the bit window 1 10. In actual practice, 
the effect of jitter is that the transitions may occur at a variety of times, as shown 



3 



APPL-P2832COA 



by transitions 1...N (107). However, as long as the transitions do not encroach 
on the bit window 110, the receiving device will be able to accurately decode the 
information. 

[0010] As is known by those of ordinary skill in the art, jitter is indicated by 
distributed transitions (crossings) of the threshold as the data toggles between 
logic states. Using equipment standard in the art such as a time interval analyzer 
(TTA), histograms of transition regions can be taken at the threshold level. The 
width of the histograms can then be estimated using methods and algorithms 
standard in the art, including standard deviation, etc. 

[0011] One area that is impacted by jitter effects is high performance serial 
buses. One such bus protocol is the IEEE 1394-1995 standard. This standard 
revolutionized the consumer electronics industry by providing a serial bus 
management system that featured high speeds and the ability to "hot" connect 
equipment to the bus; that is, the ability to connect equipment without first 
turning off the existing connected equipment. Since its adoption, the IEEE 1394- 
1995 standard has begun to see acceptance in the marketplace with many major 
electronics and computer manufacturers providing IEEE 1394-1995 connections 
on equipment that they sell. 

[0012] The IEEE 1394-1995 standard was not greatly impacted by jitter 
effects, however, because of the relatively short cable lengths ( about 3 meters, 
maximum) utilized by the standard and the transmission of a clock reference by 
use of Data-Strobe encoding 

[0013] However, as technologies improved, the need to update the IEEE 
1394-1995 standard became apparent. A new standard is being proposed at the 
time of the filing of this application, herein referred to as the PI 394b standard. 
Improvements such as higher speeds and longer connection paths will be 
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provided. It is contemplated at the time of this filing that cable lengths exceeding 
100 meters may be possible using the PI 394b standard. In addition, the use of 
Data Strobe encoding is impractical at these higher frequencies and cable lengths, 
and so PI 394b requires receivers to use clock recovery techniques by analyzing 
the timing of the data edges of the incoming signal. Accordingly, it is possible that 
systems operating under the PI 394b standard may be susceptible to jitter effects. 

[0014] In the discussion that follows, it will be necessary to distinguish 
between the various standards that are being proposed as of the date of this 
application. Thus, the term "Legacy" will be used herein to refer to the IEEE 
1394-1995 standard and all supplements thereof prior to the P1394b standard. 
Thus, for example, a Legacy node refers to a node compatible with the IEEE 
1394-1995 standard and all supplements thereof up to, but not including, the 
PI 394b standard. 

[0015] As mentioned above, the Legacy standard was not greatly impacted 
by jitter effects. This is evidenced by a very simple jitter specification and lack of 
jitter test patterns (for example, to take into account the effect of ISI) in the 
Legacy standard as adopted. However, because of the performance increases in 
both speed and run length amd the need to use clock recovery techniques, 
implementations of the PI 394b standard may be susceptible to jitter effects. 

[0016] Hence, there is a need for a system for measuring and determining 
the effects of jitter upon devices compliant with the PI 394b standard. 
Furthermore, there is a need for a method for generating jitter test patterns within 
the PI 394b environment. 

[0017] Other industries have also attempted to measure and characterize 
jitter effects. One such industry is the fiber optics industry, and in particular, the 
Fibre Channel (FC) link used within the fiber optics industry. The various 
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manufacturers of Fibre Channel-compliant hardware have produced a document 
entitled "Methodologies for Jitter Specification, Draft Proposed Technical Report, 
Secretariat National Committee for Information Technology Standardization 
(NCrrS)", hereinafter "MJS". MJS is an ANSI technical report on the 
definitions, measurement requirements, and allowed values of jitter on a 1.0625 
GBaud Fibre Channel link. 

[0018] The results of the MJS provide an excellent framework to begin 
developing jitter test patterns. For example, for the Fibre Channel jitter tolerance 
test contained in the MJS, the following assumptions were made: 1) the average 
FC traffic transition density is approximately 50%; 2) the CDR time constant is 
inversely proportional to transition density; 3) to obtain at least 95% settling a 
pattern duration needs to be greater than 3 time constants 4) The PLL's minimum 
bandwidth for FC transceivers is 637kHz. 

[0019] However, the test patterns recommended in the MJS are specific to 
the Fibre Channel encoding and frame format, as can be seen from the FC-specific 
assumptions laid out above. As such, these assumptions were made in the MJS 
that are specific to the hardware and software used in the Fibre Channel media. 
Thus, while the goals of the MJS are desirable, the solutions provided in the MJS 
cannot be implemented in the PI 394b standard because of the differences in 
encoding and frame format between the two industries. 



BRIEF DESCRIPTION OF THE INVENTION 

[0020] The invention satisfies the above needs. The present invention 
relates to data communications. In particular, the present invention relates to 
generating jitter test patterns on a high performance serial bus system. 
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[0021] Jitter pattern tests and protocols are disclosed herein which may be 
generated by test software, but run on a normal PI 394b node with no special 
hardware modification or test modes. 

[0022] A first aspect of the present invention provides a method for 
generating random jitter test patterns comprising generating a sequence of 
maximum size asynchronous packets according to the PI 394b standard and 
transmitting the sequence to the device under test. Other embodiments of the 
first aspect include a test sequence which comprises CURRENT_ASYNC 
requests, ignoring fairness; and where the sequence comprises a packet payload 
containing all zeros. 

[0023] A second aspect of the present invention provides for a method for 
generating jitter test patterns comprising disabling the transmitter data scrambler 
of the second device; clearing the port_error register of the device under test; and 
sending a test pattern to said device under test. 

[0024] Further embodiments of the second aspect of the present invention 
provide that the error rate of a jitter test may be computed by reading the 
port_error register. Further embodiments of the test pattern comprise a sequence 
of at least 42 null packets followed by a packet containing at least 50 bytes of 
consecutive D21.5 symbols having an 8 bit data value AD 16 , and where the 
sequence is generated by repeatedly issuing CURRENT_ASYNC requests and 
providing a zero length PHY packet. 

[0025] A third aspect of the present invention provides for a method for 
generating supply noise test patterns comprising transmitting a test pattern to the 
DUT comprising a maximum length asynchronous packet containing alternate 
0016 and FF16 bytes. 
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[0026] A fourth aspect of the present invention provides for a method for 
generating supply noise test patterns comprising transmitting data across a system 
bus electrically proximate to the device under test and the second device, said 
data alternating between all ones and all zeros on successive clocks. 

BRIEF DESCRIPTION OF THE DRAWING HGURES 
[0027] Figure 1 is a prior art jitter diagram. 

[0028] Figure 2 is a block diagram of a test configuration according to the 
present invention. 

[0029] Figure 3 is flowchart of a random jitter test pattern according to the 
present invention. 

[0030] Figure 4 is flowchart of a jitter tolerance pattern according to the 
present invention. 

[0031] Figure 5 is flowchart of a supply noise pattern according to the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0032] Persons of ordinary skill in the art will realize that the following 
description of the present invention is illustrative only and not in any way 
Limiting. Other embodiments of the invention wiU readily suggest themselves to 
such skilled persons having the benefit of this disclosure. 

[0033] The present invention relates to data communications. More 
particularly, the present invention relates to a method and apparatus for an 
arbitration and fairness protocol on a serial bus. The invention further relates to 
machine readable media on which are stored embodiments of the present 
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invention. It is contemplated that any media suitable for retrieving instructions is 
within the scope of the present invention. By way of example, such media may 
take the form of magnetic, optical, or semiconductor media. 

[0034] The present invention relates to data structures and the transmission 
of such data structures. It is contemplated that the present invention may by 
embodied in various computer and machine readable data structure. Furthermore, 
it is contemplated that data structures embodying the present invention will be 
transmitted across computer and machine readable media. 

[0035] The present invention may be described through the use of 
flowcharts. Often, a single instance of an embodiment of the present invention 
will be shown. As is appreciated by those of ordinary skill in the art, however, the 
protocols and procedures described herein may be repeated continuously or as 
often as necessary to satisfy the needs described herein. Accordingly, the 
representation of the present invention through the use of flowcharts should not 
be used to limit the scope of the present invention. 

[0036] The present invention further relates to devices that embody the 
PI 394b standard. By way of example, such devices may include those typically 
used in an audio/video entertainment system, such as home theater receivers, DVD 
players, computers, or hand-held devices such as cameras and the like. The 
devices may also include those industrial in nature, such as test and measurement 
equipment, professional audio/video recording devices, as well as system control 
or robotic devices found in an industrial environment. 

[0037] The invention also relates to nodes and physical computers, such as 
state machines. The present invention may be embodied in any collection of 
nodes linked together through a bus. Typically, each device connected to the bus 
will also have one corresponding node physical layer controller embedded 
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therein. However, a given device may have more than one node, and therefore it 
follows that one device may have more than one connection to more than one 
bus. For the discussion that follows, the examples will show the typical situation 
were one node corresponds to one device. 

[0038] Each node may communicate to other nodes in an P 1394b- 
compatible system though links. Typically, a cable is used for a link, as is provided 
for in the PI 394b standard. However, any communication means may be 
employed. By way of example, an infrared, RF, or other wireless system may be 
used, as well as an optical system. 

[0039] Typically, a link is coupled to a node through a port. A port 
transmits and receives messages and data between the node and link. As is 
known by those of ordinary skill in the art, each node may have more than one 
port. 

Test Setup 

[0040] Figure 2 shows a test configuration 200 according to the present 
invention. 

[0041] Test configuration 200 includes device under test (DUT) 202 
operatively coupled to a second device 204 to provide a P1394b-compliant bus 
205. In a preferred embodiment of the present invention, DUT 202 may have a 
plurality of ports, and in such a case each port on DUT 202 is tested 
independently. The port used on the second device 204 utilized for the test of 
the present invention should be capable of operating at the maximum operating 
speed of the port under test on the device under test 202. In the case of jitter 
tolerance tests, the second device 204 will generate the test pattern as described 
below. 
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[0042] FIG. 2 further shows second device 204 sending a test packet 206 
to DUT 202. In a preferred embodiment of the present invention, the packet 
format used is a compliant asynchronous packet (with normal header and 
checksum). In a further preferred embodiment, the packets are addressed to node 
2. As will be appreciated by those of ordinary skill in the art, the packets, even 
when not scrambled, will be ignored by the receiving node's link layer. 

[0043] The test configuration 200 may further include a extra circuitry 
and/or test equipment appropriate to the test method being used. For example, 
the test configuration 200 may include a time interval analyzer (TIA) 208 
operatively coupled to capture test packets and provide results of tests according 
to the present invention. 

Test patterns 

[0044] It is contemplated that three types of test patterns may be employed 
in the present invention: a random pattem, a receive jitter tolerance pattern, and a 
supply noise pattem. It is further contemplated that the tests disclosed herein 
may be generated by test software, but mn on a normal PI 394b node with no 
special hardware modification or test modes, apart from the required ability to 
disable the transmit scrambler during packet payload transmission, as will be 
disclosed below. 

Random pattem 

[0045] As is appreciated by those of ordinary skill in the art, the PI 394b 
standard utilizes a scrambler when transmitting data to minimize RF emissions. 
This capability provides an excellent in-built random pattern generator to be 
utilized in the present invention. 
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[0046] Figure 3 is a flowchart for a random pattern test according to the 
present invention. The test begins in act 300 with a test configuration being 
estabhshed which provides a PI 394b compliant bus. In a preferred embodiment 
of the present invention, this may be accomplished by means of the test 
configuration of FIG. 2. 

[0047] Next, in act 302, a random pattern is generated through a repeated 
sequence of maximum size asynchronous packets according to the PI 394b 
standard. As is appreciated by those of ordinary skill in the art, the packets may 
depend on the transmission speed of the bus. 

[0048] As disclosed in FIG. 2, a TIA may be primed to capture each packet, 
and the test results examined to determine the effects of jitter on the transmitted 
data. The test of FIG. 3 may be repeated as often as needed to achieve the 
desired results. 

[0049] In an exemplary non-limiting embodiment of the present invention, 
the packets of act 302 are transmitted continuously. This may be accomplished 
by way by using CURRENT^ASYNC requests for example, ignoring fairness. In 
a further non-limiting embodiment, the packet payload may be all zeros, which 
will then be scrambled by the transmitting PHY into a random pattern suitable for 
use with the present invention. 

Jitter tolerance pattern 

[0050] As mentioned in the above, it is critical in testing for jitter effects 
that the worst-case scenario be tested to assure compliance. One such worst-case 
scenario is a string of zeros followed by a string of ones. The following test 
pattern tests for this scenario by providing a sequence of symbols having a low 
density pattern followed by a sequence of symbols having a high density pattern. 
Using these two patterns together tests the tolerance to phase jumps caused by 
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systematic pattern jitter. It is contemplated that the run length of these two 
patterns may be related to the time constants of the PLL. 

[0051] As mentioned in above, it may be desirable to utilize certain 
assumptions made in the MJS. In an exemplary non-limiting embodiment of the 
present invention, 100 10 bit characters at 50% transition density meets these 
assumptions. For Fibre Channel, the repeating D21.5 character is used as it has a 
100% transition density and the repeating D30.3 character is used as it has a 30% 
transition density. 

[0052] Because of the above assumptions, in the present invention the 
duration of the high transition density pattern should be at least 50 10 bit 
characters on a P1394b-compliant bus. As for the low transition density pattern, it 
should be at least 167 10 bit characters on a P1394b-complaint bus. 

[0053] Figure 4 is a flowchart for a jitter tolerance pattern according to the 
present invention. 

[0054] As mentioned above, the P1394b standard utilizes a scrambler when 
sending data over a bus. Thus, in the case of P1394b, the control symbols 
provide approximately a 30% transition density when scrambled. However, the 
scrambled data characters will provide only 50%. If the transmit scrambler is 
disabled, then 100% transition density can be achieved by using D21.5 symbols. 

[0055] The jitter test of FIG. 4 begins in act 400 with a P1394b-compliant 
test configuration being established. This act may be accomplished by way of the 
test connection as disclosed in FIG. 2. Once synchronization has been 
established, the transmitter data scrambler is disabled in act 402. 
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[0056] Next, in act 404, the port_error register of the receive port is read in 
order to clear it. It is contemplated that the error rate of the present test may be 
computed from the values obtained by reading the port_error register. 

[0057] Then, in act 406, a test pattern is sent to the DUT by the second 
device. It is contemplated that this act may be repeated as often as necessary to 
achieve the desired test results. 

[0058] Finally, in act 406, the port_error register is read to see if any errors 
occurred during the test. 

[0059] In an exemplary non-limiting embodiment of the present invention, 
the test pattern comprises a sequence of at least 42 nuU packets followed by a 
packet containing at least 50 bytes of consecutive D21.5 symbols (8 bit data 
value AD,6 ). This pattern (42 null packets followed by a packet with D21.5 data) 
may repeated indefinitely to achieve desired results. 

[0060] In a presently preferred embodiment, the sequence of 42 null 
packets may be generated by repeatedly issuing CURRENT_ASYNC requests 
and providing a zero length PHY packet. As is appreciated by those of ordinary 
skill in the art, this results in generating a repeating sequence of DATA_PREFIX - 
DATA_PREFIX- DATA_END- DATA_END packets. 

[0061] As is further appreciated by those of ordinary skill in the art, in the 
PI 394b standard it is not required that link devices support the transmission of 
zero length null packets. To compensate for this contingency, an acceptable 
alternative for the present invention is to transmit single quadlet or two quadlet 
PHY packets containing the repeated data byte D30.3 (8 bit data value Ox7E). In 
a preferred embodiment of the present invention, the total length of this part of 
the test pattern, comprising the repeated PHY packets, should be at least 167 
symbols. 
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[0062] It is contemplated that the length of the two parts of the test pattern 
may need adjustment according to the cut-off frequency of the receiver PLL, 
particularly for transmission at speeds other than S800. Acceptable adjustments 
may be made by following the guidelines given above or by following the test 
guidelines given in the MJS report. 

[0063] For best results when measuring output jitter according to the 
present invention, a TTA should be armed to start at the beginning of a packet, 
and to capture the transitions for the duration of one period of the repeating 
cycle. For this purposes of the present invention, it is sufficient to ami the TTA to 
start on a sequence of 5 zeros or 5 ones, which will capture between 80% and 
90% of all packets. 

Supply noise pattern 

[0064] As mentioned above, one type of jitter effect that should be 
characterized is jitter induce in systems having parallel interfaces. PI 394b is one 
such system. The aim of this test sequence is to maximize supply noise by 
changing all lines on a parallel PHY/Link interface. 

[0065] Figure 5 is a flowchart for a supply noise test according to the 
present invention. The jitter test of FIG. 5 begins in act 500 with a PI 394b- 
compliant test configuration being established. This act may be accomplished by 
way of the test connection as disclosed in FIG, 2. It is contemplated that the 
transmitter data scrambler is enabled in the present test. 

[0066] In act 502, the test pattern is transmitted by the second device to 
the DUT. In an exemplary non-limiting embodiment of the present invention, the 
test pattern comprises a maximum length asynchronous packet containing 
alternate 00,^ and FF,^ bytes. It is contemplated the test pattern may be 
transmitted as often as necessary to achieve the desired results. 
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[0067] If there is no parallel PHY/Link interface, or a serial PHY/Link 
interface is used, then a system dependent method of maximizing supply noise 
should be used for the present test, for example by transmitting data across an 
electrically proximate system bus which alternates between all ones and all zeros 
on successive clocks. 

[0068] While embodiments and applications of this invention have been 
shown and described, it would be apparent to those skilled in the art that many 
more modifications than mentioned above are possible without departing from 
the inventive concepts herein. The invention, therefore, is not to be restricted 
except in the spirit of the appended claims. 
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